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Abstract 
The wide range of fuels supplied nowadays has different composition. In order to optimize the 
combustion process, engine performance and meeting the EPA emissions standards, information about 
the properties of gasoline should be gained in real time.  
This study presents a new sensor platform based on a phononic crystal (PnC) sensor and its application as 
a measuring system for real time gasoline octane number determination. The method is based on the 
analysis of the transmission spectrum of a phononic crystal sensor filled with the liquid gasoline blend. 
We could reveal a strong correlation between octane number of the gasoline and the frequency of 
maximum transmission. Obtained experimental results show that the phononic crystal sensors can be 
considered as a prospective, competitive and inexpensive device for octane number determination. 
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1. Introduction 
Octane number is a key parameter for normal operation of automobile engines especially when 
equipped with an advanced gasoline supply system and on-board computer control. If the octane number 
of gasoline is not in the defined range, the engine does not work properly causing significant power loss 
and increased pollution.  Research Octane Number (RON) is a generally accepted parameter for the 
determination of gasoline properties and fuel’s ability to resist engine knocking. Knock occurs when the 
fuel-air mix in the cylinder explodes instead of burning in a controlled way.  Octane rating is measured 
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relative to a reference mixture of isooctane (2,2,4-trimethylpentane) and n-heptane. Octane number is 
affected by branched-chain alkanes (isoparaffins), aromatic hydrocarbons, sulfur, and olefin additives. 
Another aspect of public interest is the 10% blending with ethanol (E10). In conclusion, the expanding 
variety of gasoline sources including the increasing amount of bioethanol boosts the demand on real-time 
state analysis in order to provide optimal engine operation.  
There is a number of well-established methods for gasoline analysis [1] such as: running the fuel in a 
test engine with a variable compression ratio under controlled conditions and comparing the results with  
mixtures of isooctane and n-heptane; gas chromatography; nuclear magnetic resonance (NMR) 
spectroscopy; near infrared (NIR) spectroscopy etc. They are not applicable under field conditions. Other 
methods that can be utilised for real time monitoring apply acoustic resonances [2] or determine dielectric 
constant and density of the fuel [3]. They provide sufficient accuracy only in combination with each 
other. Here we introduce a new prospective sensor platform based on a phononic crystal. 
Phononic crystals, the acoustic version of a band gap material with artificial properties, have recently 
been introduced as a new platform for liquid sensing purpose [4]. It has been shown that they specifically 
respond to speed of sound of a liquid mixture. This material property may vary in a distinct manner when 
changing the composition of the liquid mixture. The variation of speed of sound can be much larger than 
the variation of the refractive index used in many optical sensors including photonic crystal sensors. 
Furthermore, since the sensor device can be separated from piezoelectric transducers, which generate and 
detect sound and which have the electrical contacts, the phononic crystal sensor can be used in explosive 
environment without any expensive protection. Our sensor, a 2-dimensional phononic crystal having a 
resonant cavity, can be directly immersed into gasoline. However, the great advantage of applying a 
structure featuring a defect is the confinement of acoustic energy in the defect at an appropriate frequency 
on the one hand and the possibility to implement a defect structure like a slit as a component of a fluidic 
system on the other. Phononic crystal structures can hence be designed for a great diversity of the 
complete sensor systems including fluidic components. 
2. Experimental setup 
The 2-dimensional phononic crystal sensor Fig.1a that has been exploited in experiments consists of a 
steel plate with holes in square arrays and a slit cavity in the centre of the structure. The lattice constant is 
3.0 mm, the thickness of the plate is 15 mm, the diameter of the hole is 1.8 mm and the width of the 
cavity is 1.5 mm. These geometric values are in close correlation to the probing ultrasonic frequency 
range which, for technical reasons, has been set around 1 MHz. The sensor is only acoustically coupled to 
the outside (electrical) circuit. The PnC sensor is part of a fluidic system. A number of injectors have 
been used for filling the whole structure (holes and slit cavity) with the liquid to be analysed, Fig. 1b. 
                                      a      b      c                
Fig 1. Picture of the phononic crystal (a), the experimental setup (b) and the coupling to the ultrasonic transducers (c).  
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Table 1. Gasoline components and their properties. 
Component Speed of sound, m/s; 20°C Density, mg/ml; 20°C Viscosity, mPa*s 
n-heptane 1162 626 0.387 
n-hexane 1083 649 0.300 
isooctane (2,2,4-trimethylpentane) 1111 692 0.473 
cyclopentane 1182 751 0.413 
ethanol 1162 789 1.074 
ethylbenzene 1338 866.5 0.631 
 
Table 2. Percentage composition of gasoline blends with different octane numbers. 
Component \ Octane number RON-80 RON-91 RON-95 RON-98 
n-heptane 5.5% 3.9% 3.4% 3.1% 
n-hexane 23.6% 17.1% 14.9% 13.5% 
isooctane (2,2,4-
trimethylpentane) 
58.2% 42.1% 36.7% 33.1% 
cyclopentane 9% 6.6% 5.7% 5.3% 
ethanol 0% 10% 10% 10% 
ethylbenzene 3.7% 20.3% 29.3% 35.0% 
 
Clamp-on contact piezoelectric transducers Panametrics V103-RB having a central frequency of 1.0 MHz 
have been acoustically coupled to PnC sensor Fig 1c. Sound waves contributing to transmission 
propagate in parallel to slit cavity, side lobes do not disturb the measurement. A network analyser 
(Agilent 4395A) together with an S-parameter test set (Agilent 87511A) (100 kHz-500 MHz) has been 
applied for electrical determination of the transmission properties of the setup. The transmission 
amplitude has always been normalised by the amplitude of equivalent setup without the sensor in place. 
3. Experimental results and discussion 
The composition of gasoline varies widely, depending on the initial petroleum composition, the 
refinery processes, the overall balance of the product and the product specifications. The typical 
composition of gasoline hydrocarbons in percentage by volume is as follows: 4-8% alkanes; 2-5% 
alkenes; 25-40% isoalkanes; 3-7% cycloalkanes; l-4% cycloalkenes; and 20-50% total aromatics (0.5-
2.5% benzene) [6,7].  
According to the last Environment Pollution requirements the maximal content of aromatic 
hydrocarbons has been reduced to 35 % [8]. Aromatic additives as high octane rating components 
increase with the octane number of gasoline. Another widely applied gasoline octane number enhancer is 
ethanol. The motor fuel content of ethanol in gasoline is defined as 10 % by volume at present time. 
According requirements to typical gasoline composition, a number of gasoline blends have been prepared 
with the following components (Roth, Sigma-Aldrich). Table 1 also provides the acoustically most 
relevant properties. Gasoline blends have been obtained by mixing alkanes components (n-heptane, n-
hexane), isoalkane component (isooctane), cycloalkane component (cyclopentane) with aromatic additive 
(ethylbenzene) and octane number enhancer (ethanol). Ethanol has been added in proportion of 10% by 
volume to gasoline blends with octane numbers 91, 95, and 98, respectively. Gasoline blend with octane 
ratio 80 was prepared without ethanol additive.  
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    The gasoline blend with octane number 
98 has been prepared with maximal 
percentage of aromatic additive (35 %). 
Gasoline blends with octane number 95, 92 
and 80 have been obtained with the same 
composition as 98 octane number blend by 
reducing the percentage of aromatic 
additives. The composition of applied 
gasoline blends is shown in Table 2. 
     Transmission spectra of PnC sensor 
filled with different octane number 
gasoline blends are depicted in Fig. 2.   The 
dependence of the transmission peak 
frequency from the octane number of 
gasoline is evident. It correlates appr.  
Figure 2.  linear with octane number of the gasoline 
Transmission through PnC sensor filled with different RON gasoline.  blend analysed except RON 80, which can 
  be attributed to the missing ethanol 
component. All transmission spectra show well distinguishable transmission peaks with amplitude 
considerably above the noise floor. Peak frequency separation is larger than peak band width. The peak 
amplitude drops at high RON. We assume a correlation with the increasing content of high adsorptive 
aromatic components. 
4. Conclusions 
Our sensor based on a two-dimensional phononic crystal having a resonant cavity offers a robust 
method for gasoline octane number determination. It provides an alternative sensor approach for real-time 
in-situ measurement. The whole sensor design including sensor electronics has large capabilities for 
optimization and adaption to specific applications. 
Acknowledgements 
The work has been supported by a grant of the German Research Foundation (Lu 606/12-2) and the 
European Commission Seventh Framework Program (233883, TAILPHOX) which is gratefully 
acknowledged.   
References 
[1] Drews AW.  Manual on hydrocarbon analysis. 6th ed. Baltimore: ASTM International; 1998 
[2] Sinha DN. Anthony BW. Method for determining the octane rating of gasoline samples by observing corresponding acoustic 
resonances therein. United States patent 1997; 5606130 
[3] Shatokhina EV.  Fast analysis of the quality and environmental safety of motor fuels. Chemistry and Technology of Fuels and 
Oils 2007; 43: 242-247 
[4] Lucklum R, Li J. Phononic crystals for liquid sensor applications, Meas. Sci. Technol. 10 2009; 124014 
[5] Lucklum R, Ke M, Zubtsov M. Two-dimensional phononic crystal sensor based on a cavity mode. Sensors and Actuators B 
2012; in press 
[6] Harper C, Liccione JJ. Toxicological profile for gasoline, Atlanta: U.S. Department of health and human services; 1995, pp. 107 
[7] Weaver JW, Exum LR, Prieto LM. Gasoline composition regulations affecting LUST sites. Athens: Ecosystems Research 
Division; 2010 
[8] Commission of the European communities. Proposal for a directive of the European parliament and of the council on the quality 
of petrol and diesel fuels and amending Directive 98/70/EC. Brussel; 2001 
